Abstract-A series of hydrazones based on hydrazides of o-and p-hydroxybenzoic acids have been prepared. N-(5-Bromo-2-hydroxybenzylidene)-4-hydroxybenzohydrazide has been studied by X-ray diffraction analysis; its molecule forms hydrogen bond with a solvating ethanol molecule. Biological activity of the synthesized hydrazones towards cathepsin Е and(or) elastase of human neutrophils has been determined.
The interest to hydrazones has recently emerged [1, 2] due to a broad range of their biological activity: antidepressant, antiinflammatory, antimalarial, antimicrobial, antiviral, and antitumor [3, 4] . For example, ftivazide, saluzide, and related drugs are used in the tuberculosis treatment [5, 6] . Inhibitors of many enzymes like cyclooxygenase, monoaminoxidase, epoxide hydrolase, and various cathepsins have been prepared based on hydrazones [7] [8] [9] [10] [11] . Proteolytic enzymes cathepsin Е (EC 3.4.23.34) and elastase of neutrophil (EC 3.4.21.37) play important part in pathogenesis of autoimmune diseases and tumors growth [12] [13] [14] . In view of the above, this study aimed to synthesize the derivatives of N-arylidene hydrazones and investigate their antiinflammatory activity in the cellular system in vitro as well as the inhibiting activity with respect to proteolytic enzymes cathepsin Е and elastase of neutrophil.
Hydrazones 3-16 were synthesized via the condensation of hydrazides of o-and p-hydroxybenzoic acids 1 and 2 with a series of aromatic aldehydes (Scheme 1). The condensation reaction was performed by heating (60-70°С) equimolar amounts of the aldehyde and the hydrazides in ethanol medium during 3-5 h. The target compounds were obtained with 70-90% yield.
The products 3-16 were readily crystallizable white substances, readily soluble in many organic solvents. To elucidate the spatial structure of the derivatives of N-arylidenehydrazones of p-hydroxybenzoic acid we performed the X-ray diffraction study of a solvate of N-(5-bromo-2-hydroxybenzylidene)-4-hydroxybenzohydrazide 11 with ethanol ( Fig. 3) . The obtained data revealed that the bond lengths and bond angles in compound 11 were close to the standard ones [15] . The molecule of compound 11 was practically planar, but the phenyl cycles were slightly twisted with respect to each other (the dihedral angle was 5.9°). Compounds 3-16 were tested for antiinflammatory activity in vitro in a culture of human monocytic cells (MonoMac-6 cell line) reflected by the suppression of the lipopolysaccharide-induced production of cytokines interleukin-6 and tumor necrosis factor in the MonoMac-6 cells. The cells were treated with a solution of the tested compound in DMSO (final concentration of DMSO in the culture medium equaled 1%) during 30 min, and then bacterial lipopolysaccharide was added (0.5 µg/mL). The level of cytokines was evaluated by means of enzyme-linked immunosorbent assay after 24 h incubation of the MonoMac-6 cells (37°С, 5% CO 2 ). The obtained data revealed that none of the studied hydrazones suppressed the lipopolysaccharideinduced production of cytokines interleukin-6 and tumor necrosis factor in the MonoMac-6 cells.
Various hydrazones exhibited the inhibiting activity towards certain proteases including cathepsins [7, 10, 16] . Therefore, we evaluated the effect of the prepared compounds 3-16 on the enzymatic activity of cathepsin E and neutrophil elastase. Since some of the tested compounds inhibited the enzymatic activity (see the table), to better reveal the structure-activity relationship we also studied the commercial analogs of the prepared hydrazones Hence, the introduction of chlorine or bromine atoms in the structure of hydrazones can be considered a promising approach to prepare new inhibitors of cathepsin Е.
The highest inhibiting activity with respect to the neutrophils elastase was observed for compound 25 (IC 50 21.1 µM). Molecular docking of the active compounds in the structure of the neutrophils elastase [17] revealed that benzoyl groups of the active compounds 4 and 25 were located in the region of the central pocket of the active site of the elastase, similarly to the position of the co-crystallized peptide inhibitor of the elastase, but did not penetrate deeply in the pocket. The benzene rings adjacent to the imine fragment of the hydrazones were located in the wide part of the hydrophobic pocket, near the surface of the protein. Notably, the benzoyl fragments of molecules 4 and 25 formed three hydrogen bonds with Ser214 and Val216, the OH group acting as the donor and acceptor of the hydrogen bonds; this evidently facilitated the attaching of the molecules in the active center of the elastase favorable for the inhibition. This is exemplified in Scheme 2 by the location of the hydrogen bonds and hydrophobic interactions for hydrazone 25.
The positioning of the inactive hydrazones 3 and 6 in the active site of the neutrophils elastase were noticeably different from that of the active inhibitors. The benzene rings of molecules of compounds 3 and 6 penetrated deeply in the central hydrophobic pocket of the enzyme.
In summary, the condensation of hydrazides of oand p-hydroxybenzoic acids with different aromatic aldehydes afforded a series of hydrazones, some of Inhibiting activity of the hydrazone towards cathepsin Е and elastase of human neutrophils a (-) the enzyme activity is not suppressed at the substrate concentration <100 µM.
X-ray diffraction study of compound 11. The intensities of 6311 reflections (3293 independent ones, R int 0.0516) were measured using an Xcalibur Ruby diffractometer (Oxford Diffraction) (CuK α , graphite monochromator, φ,θ-scanning, , and O 4 were found from differential synthesis, and their positions were refined in the isotropic approximation. Other hydrogen atoms were put in the geometry defined positions and refined in the isotropic approximation with fixed position and thermal parameters using the rider model. The structure was solved and refined using SHELXS-97 and SHELXL-97 software packages [18, 19] . 1750 independent reflections with I ≥ 2σ(I) were used in the refinement, 225 parameters were refined. The final divergence factors were as follows: 
